ß a, BSTRACT.--We quantified the behavior of four species of passerine birds foraging for arthropods among the foliage of different plant species and vertical strata of a northern hardwoods forest in New Hampshire (USA). Two species (Vireo olivaceus and Setophaga ruticilla) often changed their foraging patterns among strata but not among tree species, except in white ash. In the latter, both species flew more frequently between perches while searching for prey, which reflects the more open canopy and sparser distribution of ash foliage. A third species (Vireo philadelphicus) was stereotyped in its search and attack methods but had variable attack rates, indicating greater foraging success in some microhabitats than in others. The fourth species (Dendroica caerulescens), which inhabits the forest understory, showed few significant differences in its search or attack behavior, despite considerable variety in the sizes, shapes, and arrangements of leaves among available plant species. The foraging patterns of S. ruticilla were further influenced by differences among tree species in the abundance of a major prey type (leafhoppers, Cicadellidae-Homoptera) and by the active escape behavior of those prey.
In this paper, we test part of this hypothesis by examining the behavior of four bird species foraging for arthropods among the different plant species and strata of a northern hardwoods forest. Specifically, we ask here whether or not the differences in foliage structure among the plant species in three vertical forest layers significantly affect the food-searching patterns, searching radii, attack rates, and foraging maneuvers of the four bird species: Red-eyed Vir- For the purposes of this study, we consider the vegetation of this forest to be divided into several "foliage compartments." These consist of the foliage of the more common woody plant species in each of three vertical strata--the canopy (15-27 m above ground), the subcanopy (2-14 m) and the shrub layer (<2 m). The foliage in the canopy stratum is relatively dense and evenly scattered (for foliage profile, see Sherry 1979), although the arrangement and dispersion of leaves within each tree species differ markedly (see below). Foliage density in the subcanopy is lower and more variable than that of the canopy (Sherry 1979), indicating a more open and patchy distribution. Shrub-layer foliage is denser than that in either canopy or subcanopy and consists of a mixture of plant species, principally the young saplings of two dominants (sugar maple and beech), one shrub (hobblebush, Viburnum alnifolium) and one shrub/ small understory tree (striped maple, A. pensylvanicum). Because of the mixture of plant species and the relatively small sizes of individual plants in the shrub layer, it was possible to obtain foraging rates for only In contrast, yellow birch and white ash are shade intolerant mid-successional species that have multilayered foliage distributions (Horn 1971). White ash is the most distinctive, with pinnately compound leaves evenly distributed throughout its relatively sparse canopy. In this forest, most ash individuals are canopy emergents, their tops often surpassing those of the canopy dominants by 2-6 m. Yellow birch foliage also appears to be evenly distributed throughout its canopy, with small leaves (35.3 + 2.0 mm 2, n = 40) attached by short petioles (12.7 + 2.5 ram, n = 50). Ash is essentially absent from the subcanopy and shrub layer and birch from the shrub layer except in disturbed areas or near tree-fall gaps.
Striped maple occurs as saplings in the shrub layer and as small trees in the subcanopy. It has large lobed leaves (188.4 + 5.6 mm 2, n = 50) connected to branches by relatively long petioles (44.9 + 1.9 mm, n = 50). Hobblebush rarely attains a height of more than 1 m and is the only common woody shrub in this forest; its relatively large leaves (134.1 + 4.4 mm 2, n = 50) are positioned on short petioles (32.1 + 1.1 ram, n = 50) along clumped single stems projecting up from the ground. It often occurs in dense, irregularly distributed patches throughout the forest. In addition to these woody plants, there are various ferns, forbs, and other low-growing herbaceous plants (see Siccama et al. 1970 These foraging patterns of the Red-eyed Vireo, however, vary in specific ways among the different foliage compartments of this forest (Table 1) . In white ash and the shrub layer, it flies frequently but seldom hops; in the canopy of the three dominant tree species, it hops and flies at intermediate rates, whereas in the sub- cumulative number of seconds that actively foraging birds were observed. number of hover flights observed.
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canopy of those same tree species, it hops more often and flies less frequently (Table 1) . Statistical comparisons of the hop/flight (H/F) ratios in each tree species and stratum (Table 2) substantiate these trends. The patterns in ash and in the shrub layer are similar and often statistically distinct from those in other foliage compartments. Although there are no significant differences in the H/F ratios among the three dominant tree species within layers, 7 of the 9 possible comparisons between layers are statistically different (Table 2) . Thus, within a stratum, the searching patterns of this vireo appear to be unaffected by differences in foliage structure among trees (except for ash). Between strata, however, their behavior often changes, even within a particular tree species. The maneuvers used by the Red-eyed Vireo to capture prey from foliage differ only slightly among tree species or strata (Fig. 1) . The only statistically significant difference is that they hover more often in canopy than in subcanopy yellow birch (P < 0.001, Fig. la ). Mean lengths of hovering attacks range from 58 cm in ash to 74 cm in subcanopy birch and maple (Table 1) , but there are no statistically significant differ- We conclude that the Red-eyed Vireo is relatively consistent in its use of attack maneuvers, has a constant search radius, but responds to different strata and to white ash by changing its hop and flight rates. Perhaps as a result of these adjustments, the vireo's overall prey attack rate remains nearly constant among these foliage compartments (Table 1) . Hopping and flight rates of the Philadelphia Vireo while searching for prey are similar in the various foliage compartments (Table 3) , especially when they are contrasted with those of the Red-eyed Vireo (see Table 1 ). In each tree species and stratum, the Philadelphia flies 2-5 times more frequently than it hops. Like the red-eye, the Philadelphia Vireo tends to hop more frequently in the subcanopy than in the canopy, although the differences are slight (Table 3), and the H/F ratios between foliage compartments are not significantly different.
Unlike its congener, however, the Philadelphia's attack rates vary among foliage compartments (Table 3) . Within the canopy, it attacks prey almost three times more often in ash and yellow birch than in beech. In fact, in 11 of the 18 times that we observed a Philadelphia Vireo feeding in a beech canopy, it left without making a single attack. This contrasts with 12 of 71 visits in canopy yellow birch (P < 0.001) and 8 of 31 in ash (P < 0.01). In the subcanopy layer, the Philadelphia's attack rate is higher in sugar maple and yellow birch than in beech. Likewise, attack rates are higher in the subcanopies of sugar maple and beech compared with those in the canopies of these same tree species (Table 3) . Thus, in contrast to the Red-eyed Vireo, the Philadelphia appears to find prey more often in some foliage compartments than in others.
The Philadelphia Vireo at Hubbard Brook primarily hovers for prey, gleans never accounting for more than 22% of the leaf-directed attacks (Fig. lb) . There are no statistically significant differences (P > 0.10) in the frequencies of maneuvers used among the foliage compartments. Likewise, hover distances of the Philadelphia Vireo do not vary significantly among foliage compartments (Table 3) , indicating that this species, like its congener, has a relatively constant search radius.
Thus, the Philadelphia Vireo is relatively stereotyped in its foraging patterns; it searches for and attacks prey in the same manner regardless of tree species and strata. Its rate of prey encounter varies among foliage compartments, however, being highest in canopy ash and yellow birch and in subcanopy yellow birch and sugar maple.
American Redstart.--The redstart forages at all heights, from on or near the ground to the top of the canopy (Holmes et al. 1978, 1979) 
and flies rapidly between perches, makes short hovering maneuvers to attack prey on leaves, and often chases prey it flushes (Robinson and Holmes 1982). It frequently fans and pumps its contrastingly patterned tail from side to side and flicks its wings while hopping through foliage, a behavior that appears to flush prey (Root
1967, Robinson and Holmes 1982). It also hawks insects from the air more often than any other common bird species at Hubbard Brook (Holmes et aL 1979).
When searching for prey, the redstart hops and flies at similar rates in all foliage compartments, except in white ash and the shrub layer, where the flight rates are elevated and greater than the hop rates (Table 4) . Its H/F ratios are statistically indistinguishable in canopy and subcanopy foliage of the dominant tree species, but, in the comparisons involving ash and the shrub-layer data, there are significant differences in 3 of 7 cases (more flights in both ash and shrubs compared with canopy birch and subcanopy birch and beech). Thus, as in the Red-eyed Vireo, the redstart changes locomotor patterns when searching for prey in white ash and the understory.
The rate at which redstarts attack prey is similar in the different foliage compartments, except in yellow birch, in which prey were encountered slightly more often (Table 4) . Its use of specific attack maneuvers, however, often varies among foliage compartments (Fig. lc) . In the subcanopy, there is a significant difference in maneuver use between birch and sugar maple (P <: 0.001). In the canopy, the patterns in yellow birch differ significantly from those in both beech (P < 0.001) and sugar maple (P < 0.001). These differences occur largely because redstarts use the flush-chase maneuver more often in yellow birch than in the other tree species (Fig. lc) . There are also statistically significant differences (P < 0.001) in manueuver frequencies between canopy and subcanopy within both birch and sugar maple (Fig. lc) . Although the lengths of redstart hovers vary from 43 to 56 cm among the foliage compartments (Table 4 ), the differences are not statistically significant. Hence, again, as with the vireos, the redstart's searching radius seems relatively fixed.
We also quantified the occurrence of tail-fanning behavior by redstarts in each foliage compartment. The data indicate that redstarts fan their tails more often in yellow birch canopy and subcanopy than in any other foliage unit (Table 5 ). Yellow birch also hosts significantly more insect prey than any other tree species (Holmes and Schultz MS), especially leafhoppers (Homoptera: Cicadellidae). These often hop from their substrates when disturbed and appear to be the prey chased most often by redstarts in the tumble-maneuver (Robinson and Holmes pers. obs.). Hence, the tree species in which the redstart fans its tail most, yellow birch, is also that in which it encounters prey at the highest rate (as indicated by attack rates) and in which it uses the flush-chase maneuver most often. Hop and flight rates of the Black-throated Blue Warbler vary among plant species, fewer flights occurring in subcanopy sugar and striped maple and more hops in shrub-layer hobblebush (Table 6 ). None of the differences in H/F ratios among foliage compartments, however, is significant. The locomotory patterns used by foraging Black-throated Blue Warblers, therefore, seem largely unaffected by differences in foliage structure among understory or subcanopy plant species.
Attack rates of the black-throated blue are similar among plant species but generally higher in the shrub layer than the subcanopy (Table 6 ). Its foraging maneuvers are not significantly different among any of the foliage compartments; it consistently hovers about 65% and gleans about 35% of the time in each tree species and stratum (Fig. ld) . Mean lengths of hovers made by black-throated blues vary little among foliage compartments (Table 6 ). The only significant difference in hover lengths is between subcanopy beech and hobblebush. In summary, the foraging rates, locomotor patterns, search radius, and prey-attacking maneuvers exhibited by the Black-throated Blue Warbler are relatively similar among the different plant species and layers. cumulative number of seconds that actively foraging birds were observed. = number of hover flights observed. Robinson (1981) suggested that leaf morphology and arrangement (e.g. size, shape, petiole length, distribution along branches, and elevation above twig) strongly affect the foraging behavior of those bird species that glean prey from nearby substrates. They reported, however, that bird species that hover to catch prey do not seem to change their use of foraging tactics among tree species. Thus, hovering might be viewed as a tactic that reduces the effect of habitat structure on bird foraging behavior. Results from the present study, which are summarized in Table  7 , are only partly consistent with these conclusions. In support, Black-throated Blue Warbiers, which search nearby substrates but primarily hover to catch prey, use the same foraging tactics in most understory shrubs in spite of their widely differing foliage structures. Likewise, the searching rates, locomotion patterns, and attack maneuvers of the Philadelphia Vireo, Red-eyed Vireo, and American Redstart change very little among dominant tree species within strata.
The distributions and densities of leaves, however, do influence the searching tactics of these hovering species. The Red-eyed Vireo changes its locomotion pattern when it searches for prey in the sparser and more clumped foliage of the subcanopy as compared with its pattern in the canopy (Table 2) . Similarly, the three bird species that forage in white ash converge on remarkably similar searching tactics in this tree species. The hop and flight rates of the two vireos, which are different in most foliage compartments, are nearly identical in white ash (Tables 1 and 3) , and the redstart, likewise, flies more and hops less in white ash than in any other tree species. Because vireos and redstarts catch different kinds of prey (Robinson and Holmes 1982), it seems unlikely that the abundance or rarity of one kind of insect is responsible for these shifts in foraging behavior. Instead, the low density and more even distribution of leaves within ash canopies probably necessitate birds flying more often while searching for prey there.
The fact that redstarts and both vireo species respond in much the same way to the foliage of the shrub layer as they do to white ash is more difficult to understand. At least superficially, the vegetation structure of ash and the shrub layer is very different. Perhaps the small size and low foliage volume of each shrub or sapling and the narrow vertical distribution of foliage require the birds to make frequent flights between individual plants in order to search enough leaves per unit time to meet foraging needs.
Taken together, these findings suggest that the locomotion patterns of birds that hover to catch prey and probably other birds that search substrates at a distance are affected to varying degrees by the general distribution of foliage (e.g. clumped vs. scattered, sparse vs. dense). Because most birds seem to have a relatively fixed search radius, these parameters influence how many leaves can be searched from a perch and, in turn, affect how often a bird will have to move between perches. Thus, for a Red-eyed Vireo to maintain a constant rate of prey capture, it seems to adjust its flight and hop rates among foliage compartments (Table 1) .
Birds might be expected to increase their search radii in sparse, scattered foliage. That this does not seem to happen, as evidenced by the patterns observed in ash, may be due to inherent limitations in these birds' perceptual capabilities, as Fitzpatrick (1981) In conclusion, the number of bird species found in a particular habitat is influenced by a complex of factors including foliage structure, species composition of the vegetation, and types and abundances of available foods. A more complete understanding of the determinants of bird-community structure will require carefully designed comparative and quantitative studies on how bird species respond to the vegetation structure and food resources available in their habitats. Additionally, experimental manipulations of both forest structure and insect distributions are necessary to test predictions about the relationships between bird-species diversity and its correlates.
